**Core tip:** Insulin-like growth factor-1 (IGF1) is a potent mitogen, whereas IGF-binding protein-3 (IGFBP3) binds and inhibits IGF1. High circulating IGF1 and low IGFBP3 are associated with increased risk of several cancers. Here we assessed the relationship between these molecules and the risk of esophageal carcinoma in a prospective, nested case-control study from the Japan Collaborative Cohort Study. Free IGF1, represented by the molar ratio of IGF1/IGFBP3, was not correlated with the risk of esophageal carcinoma. The free form of IGFBP3, which is estimated by the molar difference of IGFBP3-IGF1, may be inversely associated with esophageal cancer incidence.

INTRODUCTION
============

Esophageal carcinoma is one of the worst prognostic neoplasms internationally\[[@B1],[@B2]\]. The two main types of esophageal neoplasms are esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC). When diagnoses were made, most patients have either metastatic or unresectable cancers. Even if the patient received curative-intent surgery, the rest of time is still limited, and therapies for inoperable esophageal tumors are not so effective. Therefore, we must search for new risk factors for esophageal neoplasms to identify people who may develop early stages of the disease whose cancer is thus more readily treatable.

Several growth factor signals are needed for tumorigenesis and cancer progression\[[@B3],[@B4]\]. The insulin-like growth factor (IGF) system, which includes both the IGF1 and IGF2 ligands and the type 1 insulin-like growth factor receptor (IGF1R), may be an important molecular target for cancer therapy\[[@B4]-[@B6]\]. After ligands bind to IGF1R, the receptor is autophosphorylated, and then several downstream signal pathways are activated\[[@B7]\]. IGFs are secreted by hepatocytes and by several extra-hepatic components, such as cancer and stromal cells\[[@B8]\]. In the homeostatic condition, the IGF axis is tightly regulated by multiple ways\[[@B9]\]. The production of IGFs and IGF-binding proteins (IGFBPs) 1-6 is regulated by growth hormone, which is produced in the pituitary gland. IGF1R activation is controlled by the quantity of the free IGFs, which is modulated by those binding proteins and the nonstimulatory type 2 IGF receptor\[[@B7],[@B10]\]. In serum, almost all of IGF1 is inactive and bound with IGFBPs, which make a complex with IGF in a 1:1 molar ratio. IGFBP3 is the most plentiful binding protein and occupies around 80% of all IGF complexes. The IGF-IGFBP complex balance is controlled by proteases, including matrix metalloproteinase\[[@B11]\]. Furthermore, IGFBPs have IGF-independent activities, however, these actions are not understood well\[[@B10],[@B12]\].

Normal esophageal epithelium express IGF1R, and IGFs could induce both cellular proliferation and DNA synthesis\[[@B13]-[@B15]\]. Salivary IGF1 is in the free form (not bound to IGFBP, unlike the serum pool) and continuously bathes the esophageal epithelial cells\[[@B16]\]. These data might suggest that the IGF system plays important parts not only in homeostasis but also premalignancy\[[@B15]\]. Both IGF1R and its ligands are overexpressed in esophageal tumor components compared to normal ones\[[@B17]-[@B19]\], and both serum levels of IGF1 and IGFBP3 are significantly elevated in patients with esophageal cancer compared with healthy subjects\[[@B20],[@B21]\]. Previously we revealed that expressions of IGF2 and IGF1R were detected in 50% and 60% of ESCC, respectively, and both molecules were related with advanced tumor stage, invasion depth, metastasis, and recurrence\[[@B22]\]. Multivariate analysis revealed that patients with ESCC expressing both IGF2 and IGF1R show a significantly shorter survival than those expressing only one molecule or neither. A meta-analysis revealed that the expression of IGF1R is correlated with unfavorable prognosis in patients with EAC\[[@B23]\]. IGF1R blockers, including antibodies, tyrosine kinase inhibitors, IGF1R dominant negative, and IGFBP3, suppress proliferation and up-regulate apoptosis\[[@B22],[@B24]-[@B26]\].

Elevated serum concentration of total-IGF1 or free-IGF1 levels, which could be calculated by the molar ratio of IGF1/IGFBP3, increase the future risk of several malignancies, including breast, colon, and prostate\[[@B27]-[@B29]\]. Additionally, low serum levels of total-IGFBP3 or free-IGFBP3, which can be approximated by the molar difference (IGFBP3-IGF1), upregulate the future risk of neoplasms\[[@B29],[@B30]\]. However, the association between the risk of esophageal carcinoma and serum levels of IGF related compounds has not been reported. Although several correlations between the risk of cancer death and IGF axial proteins from the Japan Collaborative Cohort (JACC) Study were published\[[@B30]-[@B32]\], the incidence of esophageal carcinoma has not been reported. Therefore, we assessed relationships between these parameters and esophageal tumor risk in a nested, case-control study in a prospective cohort study of participants in the JACC study.

MATERIALS AND METHODS
=====================

Study population and samples
----------------------------

We assessed data of the JACC Study, in which cancer risk associated with lifestyle factors in a Japanese population was evaluated. The study was described in detail elsewhere\[[@B33]-[@B35]\]. Briefly, a baseline survey was conducted between 1988 and 1990. A total of 110,585 participants aged 40 to 79 years from 45 areas throughout Japan were enrolled in the study and completed a self-administered questionnaire.

Informed consent was obtained from all participants. The ethical board of the Nagoya University School of Medicine approved this study.

Approximately 35% of the cohort participants (39242 subjects) provided blood samples, which were stored at -80 °C until analyzed.

Follow-up, identification of esophageal cancer, and selection of control
------------------------------------------------------------------------

The incidence of cancer was followed in subjects living in 24 study areas beginning at the time of the baseline survey (Figure [1](#F1){ref-type="fig"}). Individuals who moved away from the study district were treated as dropouts, because deaths after such moves could not be detected in our system for follow-up. Participants with a history of malignant tumor at baseline were excluded. The malignancy was confirmed in population-based cancer registries or by reviewing the records of local major hospitals. We defined esophageal cancer as C15 (malignant neoplasm of esophagus) according to the International Statistical Classification of Diseases and Related Health Problems, 10^th^ Revision (<http://www.who.int/classifications/icd/en/>). Subjects diagnosed with esophageal carcinoma by 1997 were regarded as cases for this nested case-control study. For each case, we randomly selected three or two controls that were matched for residential area, gender, and age (as near as possible). A total of 31 cases and 86 control participants were eligible for this study.

![Flow chart for selection of cases and control.](WJG-23-3488-g001){#F1}

Biochemical assays
------------------

The trained staff who blinded to case-control status, measured all samples at a single laboratory (SRL, Tokyo, Japan) in 1999 and 2000. Serum levels of IGF1 and IGFBP3 were analyzed with an immunoradiometric assay using commercially available kits (Daiichi Radioisotope Lab., Tokyo, Japan). Details of the assay were reported previously\[[@B36]\].

Statistical analysis
--------------------

Proportions and mean values of baseline characteristics between cases and controls were assessed by a *t*-test or Fisher's exact test. The cross-sectional relationship between serum IGF1 and IGFBP3 was examined using the Spearman correlation coefficient. Serum values were divided into tertiles based on the distribution of serum values in all control subjects, with the first tertile used as a reference. IGF1 tertile values for tertiles 1, 2, and 3 were \< 120; 120-150; and \> 150.0 ng/mL, respectively. IGFBP3 tertile values for tertiles 1, 2, and 3 were \< 2.88; 2.88-3.55; and \> 3.55 ng/mL, respectively.

The odds ratios (ORs) for the incidence of esophageal carcinoma associated with serum IGF-related protein levels were estimated using conditional logistic regression. ORs were adjusted for alcohol intake, body mass index (BMI, computed as weight in kilograms divided by the square of the height in meters), and tobacco smoking habit. The statistical significance of trends across exposure tertiles was assessed by including ordinal terms for each serum level tertile and entering the variable as a continuous term in the model. All *P* values and 95%CI presented in the tables were based on two-sided tests.

Because the molar ratio of IGF1 to IGFBP3 is believed to stand for free form IGF1, we also assessed the molar ratio IGF1/IGFBP3 (for conversion, 1 ng/mL is 0.130 nmol/L for IGFI and 0.036 nmol/L for IGFBP3)\[[@B29]\]. In addition, we assessed the molar difference between IGFBP3 and IGF1, which is considered to represent free IGFBP3\[[@B30]\].

RESULTS
=======

Baseline characteristics are shown in Table [1](#T1){ref-type="table"}. No differences were found in height, weight, BMI, smoking habits, or alcohol consumption between case and control groups. The mean concentration of IGF1 tended to be higher in the control group, but the difference was not significant. The mean concentration of IGFBP3 was significantly higher in the control group than in the cases. Spearman correlation coefficient between IGFBP3 and IGF1 among controls is 0.541 (*P* \< 0.0001; Figure [2](#F2){ref-type="fig"}).

###### 

Selected baseline characteristics of case and control group *n* (%)

                       **Cases**      **Controls**   ***P* value**
  -------------------- -------------- -------------- ---------------------------------------
  Number of subjects   31             86             
  Age                  61.5 ± 7.3     61.3 ± 7.2     0.811
  Male                 25 (80.6)      75 (87.2)      0.383[1](#T1FN1){ref-type="table-fn"}
  Height               162.5 ± 10.5   161.5 ± 5.3    0.495
  Weight               57.0 ± 12.9    59.0 ± 9.1     0.352
  BMI (kg/m^2^)        21.5 ± 4.2     22.7 ± 3.1     0.112
  Cigarette smoking    30             77             0.384[1](#T1FN1){ref-type="table-fn"}
  Never                6 (20.0)       25 (32.5)      
  Past                 5 (16.7)       14 (18.2)      
  Current              19 (63.3)      38 (49.3)      
  Alcohol intake       29             84             0.410[1](#T1FN1){ref-type="table-fn"}
  Never                6 (20.7)       21 (25.0)      
  Past                 3 (10.3)       3 (3.6)        
  Current              20 (69.0)      60 (71.4)      
  IGF1                 122.4 ± 59.9   140.8 ± 59.8   0.145
  IGFBP3               2.82 ± 0.95    3.30 ± 0.97    0.020

Fisher's exact test. IGF1: Insulin-like growth factor-1; IGFBP3: IGF-binding protein-3.

![A scatter plot of insulin-like growth factor-1/insulin-like growth factor-binding protein-3. Spearman correlation coefficients between IGFBP3 and IGF1 among controls is 0.541 (*P* \< 0.0001).](WJG-23-3488-g002){#F2}

Both concentrations of total IGF1 and total IGFBP3 were inversely associated the risk of esophageal carcinoma (*P* = 0.036 and 0.024, respectively, Table [2](#T2){ref-type="table"}). After adjusted for BMI, cigarette smoking, and alcohol intake, the latter still showed inverted relation with the risk of esophageal tumor but the former did not (*P* = 0.042 and 0.052, respectively). After adjusted for the concentration of IGFBP3, total IGF1 was not associated with the risk of esophageal carcinoma. After adjusted for the concentration of IGF1, total IGFBP3 was not associated with the risk of esophageal carcinoma. After adjustment for alcohol consumption, BMI, and smoking status, and each other, both serum levels of IGF1 and IGFBP3 were not also related with the risk of esophageal cancer.

###### 

Odds ratios and 95%CI for esophageal cancer with reference to serum concentrations of insulin-like growth factor-1 and insulin-like growth factor-binding protein-3

                          **Tertile**   ***P* value**                               
  ----------------------- ------------- --------------------- --------------------- -------
  IGF1                                                                              
  ng/mL (range)           \< 120        120-150               \> 150                
  No. of case/control     17/27         8/33                  6/26                  
  OR (95%CI)              1             0.300 (0.098-0.913)   0.263 (0.068-1.011)   0.036
  OR adjusted 1 (95%CI)   1             0.292 (0.087-0.982)   0.265 (0.064-1.092)   0.052
  OR adjusted 2 (95%CI)   1             0.281 (0.077-1.023)   0.387 (0.071-2.112)   0.247
  OR adjusted 3 (95%CI)   1             0.298 (0.080-1.109)   0.417 (0.074-2.348)   0.249
  IGFBP3                                                                            
  ng/mL (range)           \< 2.88       2.88-3.55             \> 3.55               
  No. of case/control     18/30         9/27                  4/29                  
  OR (95%CI)              1             0.518 (0.171-1.564)   0.133 (0.023-0.786)   0.024
  OR adjusted 1 (95%CI)   1             0.527 (0.155-1.792)   0.137 (0.021-0.911)   0.042
  OR adjusted 4 (95%CI)   1             0.914 (0.241-3.468)   0.182 (0.025-1.329)   0.140
  OR adjusted 5 (95%CI)   1             0.853 (0.210-3.468)   0.192 (0.023-1.585)   0.196

Adjusted 1: Adjusted for cigarette smoking, BMI, and alcohol intake; Adjusted 2: Adjusted for IGFBP3; Adjusted 3: Adjusted for cigarette smoking, BMI, alcohol intake, and IGFBP3; Adjusted 4: Adjusted for IGF1; Adjusted 5: Adjusted for cigarette smoking, BMI, alcohol intake, and IGF1.

A lower molar ratio of IGF1/IGFBP3, which means free IGF1, tended to be correlated with a decreased risk of esophageal cancer but the difference was not statistically significant (*P* = 0.273; Table [3](#T3){ref-type="table"}). After adjustment for BMI, smoking status, and alcohol intake, the association was not observed (*P* = 0.408).

###### 

Odds ratios and 95%CI for esophageal cancer according to molar ratio and difference of insulin-like growth factor-1 and insulin-like growth factor-binding protein-3

                        **Tertile**   ***P* value**                               
  --------------------- ------------- --------------------- --------------------- -------
  IGF1/IGFBP3                                                                     
  Molar ratio           \< 0.137      0.137-0.177           \> 0.177              
  No. of case/control   9/29          11/28                 11/29                 
  OR (95%CI)            1             1.733 (0.517-5.851)   2.127 (0.554-8.164)   0.273
  OR adjusted (95%CI)   1             1.486 (0.416-5.309)   1.810 (0.453-7.226)   0.408
  IGFBP3-IGF1                                                                     
  Molar difference      \< 87.77      87.77-108.14          \> 108.14             
  No. of case/control   18/29         9/28                  4/29                  
  OR (95%CI)            1             0.432 (0.137-1.262)   0.107 (0.017-0.669)   0.015
  OR adjusted (95%CI)   1             0.380 (0.115-1.250)   0.100 (0.015-0.674)   0.015

Adjusted: Adjusted for cigarette smoking, BMI, and alcohol intake.

A lower molar difference of (IGFBP3-IGF1), which means free-form IGFBP3, was associated with an increased risk of esophageal carcinoma (*P* = 0.015; Table [3](#T3){ref-type="table"}). After adjustment for BMI, smoking habit, and drinking status, the association was also observed (*P* = 0.015). The highest tertile of this molar difference showed the lowest risk of esophageal neoplasm (OR = 0.100, 95%CI: 0.015-0.674). Thus, the molecular difference of (IGFBP3-IGF1) might most precisely stand for the future risk of esophageal carcinoma in the current study.

In order to assess the interaction with age and gender, ORs were analyzed in subgroups. Higher free IGFBP3 was also related to a decreased risk of esophageal cancer in the male population (*P* = 0.011; Table [4](#T4){ref-type="table"}). After adjustment for BMI, tobacco use, and alcohol intake, this association was confirmed (*P* = 0.004). However, we found no association between free IGFBP3 and the risk of esophageal cancer in the female population (*P* = 0.517), as the number of cases was too low. In non-elderly participants (population ≤ 65 years old), a higher molar difference (IGFBP3-IGF1) was related to a reduced risk of esophageal carcinoma (*P* = 0.007). After adjustment for BMI, tobacco use, and alcohol intake, this relationship was confirmed (*P* = 0.007). However, this correlation was not observed in elderly individuals (population \> 65 years old, *P* = 0.696).

###### 

Odds ratios and 95%CI for esophageal cancer according to molar difference of insulin-like growth factor-1 and insulin-like growth factor-binding protein-3 (subgroup)

                        **Tertile**   ***P* value**                               
  --------------------- ------------- --------------------- --------------------- -------
  Molar difference      \< 87.77      87.77-108.14          \> 108.14             
  Male                                                                            
  No. of case/control   15 / 28       7/22                  3/25                  
  OR (95%CI)            1             0.339 (0.085-1.349)   0.044 (0.004-0.527)   0.011
  OR adjusted (95%CI)   1             0.186 (0.034-1.015)   0.022 (0.001-0.319)   0.004
  ≤ 65 years old                                                                  
  No. of case/control   11/14         7/21                  3/27                  
  OR (95%CI)            1             0.260 (0.052-1.300)   0.031 (0.025-0.400)   0.007
  OR adjusted (95%CI)   1             0.226 (0.042-1.224)   0.028 (0.002-0.389)   0.007

Adjusted: Adjusted for cigarette smoking, BMI, and alcohol intake.

DISCUSSION
==========

High serum concentrations of IGF1 and low IBFBP3 levels are risk factors for several malignancies\[[@B27]-[@B29]\]. Furthermore, IGFs take several parts in tumorigenesis and cancer development of esophageal carcinoma, and IGFBPs could inhibit those effects of IGF ligands\[[@B4],[@B5],[@B22],[@B26]\]. In the present analysis, neither serum levels of IGF1 nor IGFBP3 were related to the OR for esophageal cancer, after adjustment for each other. Moreover, serum free IGF1 did not show any association with esophageal tumor risk.

Salivary IGF1 continuously bathes the esophageal lumen and exists in a free and active form\[[@B16]\]. Thus, the local concentration of IGF ligands around the esophageal mucosal cells may be high, even though the serum concentrations are low. Salivary IGF1 could have higher binding ability to IGF1R on esophageal mucosal cells. This may be a reason why serum concentrations of IGF1 did not show significant association with the risk of esophageal carcinoma.

In serum, IGF and the binding protein make a complex in a 1:1 molar ratio, and the molar level of IGFBP3 is more than that of IGF1. Hence, the molar difference of (IGFBP3-IGF1) could represent the level of the free type of IGFBP3\[[@B30]\]. The molar difference of IGFBP3-IGF1 was inversely and significantly correlated with the future risk of esophageal cancer. After adjustment for alcohol intake, BMI, and cigarette smoking, this molar difference was still significantly correlated with an inverse risk of esophageal carcinoma. Analyses of non-elderly or male subgroups might confirm that a high molar difference of (IGFBP3-IGF1) showed a low risk of esophageal tumors. Therefore, this parameter may be a candidate predictive marker of esophageal cancer. Moreover, we have reported that free IGFBP3 showed a reversed risk for hepatic cancer\[[@B30]\]. Thus, the molar difference of IGFBP3-IGF1 may be an important parameter.

As serum IGF1 levels were higher in viscerally obese patients with esophageal cancer than non-obese patients\[[@B21],[@B37]\], visceral obesity may influence the IGF axis. Although this observation is seen in EAC in particular, more people have ESCC than EAC in Japan, as in Eastern Asia. Although our current study did not collect data about visceral obesity, free IGFBP3 was inversely associated with the risk of esophageal cancer after adjustment including BMI.

In a population-based case-control study, three polymorphisms in IGF and related genes such as IGF1 (CA)~17~ 185-bp allele and two single-nucleotide polymorphisms, IGF1 rs6214 and growth hormone receptor rs6898743, were associated with EAC or its precursors, including reflux esophagitis and Barrett esophagus\[[@B38]\]. These results also suggest that the IGF pathway may be involved in EAC development.

The advantage of the current analysis is that the subjects were from a large-scale JACC study of 110792 participants. One limitation is, however, that some data about alcohol intake, BMI, and smoking habit were lost due to the self-administered survey\[[@B33]\]. Another is that both the numbers of serum samples and esophageal tumor cases were not so large (39242 subjects and 31 cases, respectively).

Our result might suggest that low free IGFBP3, estimated as the molar difference of IGFBP3-IGF1, represents an important predictive marker of a high incidence of esophageal carcinoma.
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